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Background: Consumption of vegetables, fruit and whole grain cereals has been inversely related to
laryngeal cancer risk. Among the potential protective agents found in these foods, information on dietary
fibres and laryngeal cancer risk are scanty.
Patients and methods: A multi-centric, hospital-based case–control study was conducted on 527 patients
with squamous-cell carcinoma of the larynx and 1297 non-neoplastic controls. Cases and controls, frequency
matched by age, sex and study centre, were interviewed using a validated food frequency questionnaire.
Results: Compared with the lowest quintile of fibre intake, the odds ratios (ORs) for the highest quintile were
0.3 [95% confidence interval (CI) 0.2–0.4] for total fibre, 0.3 (95% CI 0.2–0.5) for soluble non-cellulose
polysaccharides (NCP) and for total insoluble fibre, including cellulose (OR = 0.3, 95% CI 0.2–0.4) and
insoluble NCP (OR = 0.4, 95% CI 0.3–0.7). The ORs were 0.2 (95% CI 0.1–0.4) for fibre from vegetables,
0.5 (95% CI 0.3–0.7) from fruit and 1.1 (95% CI 0.6–1.9) from grains. The inverse association observed was
similar among different subsites of laryngeal cancer, and consistent across strata of various covariates.
Conclusions: This study found a strong inverse association between fibre intake and laryngeal cancer risk,
which points to fibre as one of the beneficial components of vegetables and fruit.
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Introduction 
Several studies have found an inverse association between
consumption of fruit and vegetables and the risk of laryngeal
cancer [1–3]. A multi-centric study on 1147 male cases and
3057 controls conducted in south-western Europe found odds
ratios (OR) for low fruit intake of 1.8 and 1.4 for epilaryngeal and
endolaryngeal cancer, respectively, while for low vegetable
intake the OR was 1.6 for both subsites [2]. A case–control study
from Uruguay found an OR of 0.4 for high consumption of plant
foods [4].
Whole grain cereals were also inversely related to laryngeal
cancer risk in two case–control studies from Italy (OR = 0.2) [5]
and Switzerland (OR = 0.7) [6], while refined grain cereals were
directly related to laryngeal cancer risk, the OR being 4.0 in
Switzerland and 1.6 in Italy for the combination of cancers of the
oral cavity, pharynx, oesophagus and larynx [6, 7]. A Norwegian
cohort study of the upper aerogastric tract cancers on 10 960 men
reported an OR of 0.2 for high consumption of bread [8].
Among potential anticarcinogens that are found in fruit, vege-
tables and whole grains [9, 10], various studies have considered
carotenoids, vitamins C and E [1, 2, 11, 12], while available
information on dietary fibre and laryngeal cancer risk is scanty.
No consistent association was found in a study from western New
York based on 250 male cases and 250 controls [12]. In the
above-mentioned multi-centric study from south-western Europe,
fibre intake was significantly lower in cases than in controls, but
adjusted ORs were not given [2]. No study analysed the relation
between fibre intake and different subsites of laryngeal cancer
and, more importantly, no information is available on various
types of fibres.
Thus, we considered the relation between intake of various
types of fibres, as well as their food source, and risk of laryngeal
cancer, also by subsite, in a case–control study conducted in Italy
and Switzerland.
Patients and methods
A multi-centric, hospital-based case–control study on laryngeal cancer was
conducted from January 1992 to December 2000 in Italy and Switzerland.
Cases were 527 patients (478 men, 49 women), aged 30–79 years (median
age 61) with incident, histologically-confirmed squamous-cell carcinoma of
the larynx, including 271 cancers of the glottis (International Classification of
Diseases (ICD-IX) [13]: 161.0), 117 of the supraglottis (ICD-IX: 161.1), four
of the subglottis (ICD-IX: 161.2), five of the laryngeal cartilages (ICD-IX:
161.3), 19 other specified (ICD-IX: 161.8) and 111 unspecified cancers of the
larynx (ICD-IX: 161.9). The cases were admitted to the major teaching and
general hospitals in two areas of northern Italy, the greater Milan area and the
province of Pordenone, and in the Swiss Canton of Vaud.
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Controls were 1297 subjects (1052 men, 245 women), aged 31–79 years
(median age 61) admitted to the same network of hospitals as cases for acute,
non-neoplastic conditions unrelated to smoking, alcohol drinking and long-
term modifications of diet. Thirty-two per cent of controls were admitted for
non-traumatic orthopaedic disorders, such as low back and disc disorders,
26% for traumas, mostly sprains and fractures, 23% for acute surgical condi-
tions and 20% for other diseases, such as eye, ear, nose, skin and dental
conditions. Controls were frequency matched with cases by 5-year age group,
sex and study centre. To compensate for the rarity of laryngeal cancer in
women, a control-to-case ratio of 5 was chosen for females, as compared with
2 for males. A low proportion of the subjects approached refused the inter-
view (about 5% for both cases and controls).
The same structured questionnaire was used in all study centres. It was
administered by centrally trained interviewers during the subjects’ hospital
stay, and included information on socio-demographic characteristics, lifelong
smoking and alcohol drinking habits, physical activity, anthropometrical
measures at various ages, a problem-oriented medical history and history of
cancer in first-degree relatives.
An interviewer-administered food frequency questionnaire (FFQ) was
developed to assess the usual diet during the 2 years preceding the diagnosis
(for cases) or the hospital admission (for controls), and in order to estimate the
intake of total energy as well as that of selected nutrients. The questionnaire
included 78 foods, food groups or dishes divided into six sections: (i) bread,
cereals, first courses; (ii) second courses (i.e. meat, fish and other main
dishes); (iii) side dishes (i.e. vegetables); (iv) fruits; (v) sweets, desserts and
soft drinks; (vi) milk, hot beverages and sweeteners.
For a few vegetables and fruits, seasonal consumption and the correspond-
ing duration were elicited. At the end of each section, one or two open ques-
tions were used to include foods that were not included in the questionnaire,
but eaten at least once per week. There were a few differences in the dietary
items listed in the Italian and Swiss versions of the questionnaire, to account
for different eating and drinking patterns. To compute energy and nutrient
intake, Italian food composition databases were used and integrated with
other sources when needed [14]. The FFQ was satisfactorily reproducible
[15] and valid [16].
Dietary fibre intake was derived using the Englyst procedure [17, 18], that
measures fibre as non-starch polysaccharides. A value was obtained for total
fibre, soluble and insoluble fibre. A modification of the method allows
cellulose to be measured separately from insoluble non-cellulose poly-
saccharides (NCP). Values for lignin, a minor component of the human diet,
were provided separately. We did not include resistant starch in the compu-
tation of total fibre, because the amount depends on how each food is
processed and consumed [19], and related food composition tables were not
available. Fibre intake was also divided according to the food from which it
originated, i.e. vegetables, fruit or cereals.
Data analysis
Odds ratios (OR), and corresponding 95% confidence intervals (CI), for
laryngeal cancer were estimated using multiple logistic regression models
[20] conditioned on age (<50, 50–54, 55–59, 60–64, 65–69, ≥70 years), sex
and study centre, and including terms for education (<7, 7–11, ≥12 years),
body mass index (BMI, in quartiles) in the year before the diagnosis or inter-
view (for controls), tobacco smoking (never, ex-, current smokers of <15,
15–24, ≥25 cigarettes/day), alcohol drinking (<2, 2–3, 4–7, ≥8 drinks/day)
and energy intake (excluding energy from alcohol drinking, in quintiles).
Further adjustments were performed, and results did not differ even when
terms were included in the models for the number of cigarettes/day, duration
of the habit and the age smoking was commenced.
Results
Table 1 shows the distribution of the matching variables, age, sex
and study centre, and the distribution and ORs of the main
covariates of interest. An increased risk of laryngeal cancer was
observed for the highest level of education (OR = 1.5, 95% CI
1.0–2.2). Only 3.6% of cases were never smokers, compared with
37.3% of controls, and the OR rose to over 40 for the highest
tobacco smoking level. For heavy alcohol drinkers the OR was
5.8 (95% CI 3.8–8.9) as compared with non-drinkers and light
drinkers.
Table 2 gives the ORs and their 95% CI for the intake of
various types of dietary fibres and for the food sources of total
fibre. Compared with the lowest quintile of intake, all types of
fibres were inversely associated with risk of laryngeal cancer,
with a significant trend in risk (P <0.0001). The OR for the high-
est quintile of intake was 0.3 (95% CI 0.2–0.4) for total fibre; it
was also 0.3 (95% CI 0.2–0.5) for both soluble fibre and total
insoluble fibre.
With regard to the food source, fibre from vegetables (OR = 0.2,
95% CI 0.1–0.4) and from fruit (OR = 0.5, 95% CI 0.3–0.7)
showed an inverse relation with risk of laryngeal cancer. On
the other hand, fibre from grain was unrelated to risk (OR = 1.1,
95% CI 0.6–1.9).
Table 3 gives the ORs for total fibre intake according to strata
of various covariates. No significant heterogeneity was reported
across strata, even if fibre intake appeared to have a greater
protective effect in subjects <60 years of age than in subjects
≥60 years of age, and in those with an average daily energy intake
above the median value (2630 kcal/day) compared with subjects
with energy intake below the median. The inverse relationships
were consistent for men and women, despite the low absolute
numbers in women.
Table 4 shows the distribution of cases and controls, and the
ORs separately for subsites of laryngeal cancer. Comparing with
the lowest quintile of total fibre intake, the OR for the highest
quintile was 0.3 for those with glottic cancer, 0.3 for those with
supraglottic cancer and 0.2 for those with other or unspecified
laryngeal cancers.
Discussion
This study found a consistent inverse relationship between intake
of dietary fibres and laryngeal cancer risk. Such a relationship
was observed for various types of fibres (i.e. soluble, insoluble,
lignin) deriving from vegetables and fruit, but not from grain.
The apparent protection conferred by total fibre intake was
consistent across strata of age, sex, tobacco smoking, alcohol
drinking, energy intake and BMI. For subjects <60 years of age
and for energy intake over the median value the protection
appeared to be somewhat stronger, but the heterogeneity tests
were non-significant. In the two major subsites of laryngeal
cancer, i.e. cancers of the supraglottis, including epiglottis, false
cords and laryngeal ventricles, and of the glottis, including true
vocal cord [21], the multivariate ORs for total fibre intake were
similar. Therefore dietary fibre seems to act in the same way on
the extrinsic and intrinsic larynx.
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Dietary fibre could protect against cancer through various
plausible biological mechanisms [22]. Fibre may reduce glycae-
mic load [23] and improve insulin sensitivity, favourably influ-
encing insulin-like growth factor I (IGF-1), which is a promoter
of the process of carcinogenesis at various sites [24]. A possible
explanation for the lack of protection of grain fibre on laryngeal
cancer risk could be that it comes mostly from refined cereal,
highly consumed in the population studied. Refined cereals are
low in dietary fibre (particularly in insoluble fibre) [10] and could
be directly related to risk of cancer, as reported in previous stud-
ies [6, 7], because of the potential promotional action of starch
[25] that may overwhelm any possible protective action of fibre.
Other studies on dietary fibre conducted in the same population
have found decreased risk of cancers of the upper digestive tract
[26], colorectum [27, 28], ovary [29] and a moderate reduction
in breast cancer risk [30]. In three of these studies [27, 29, 30]
the protection deriving from cellulose and soluble NCPs was
apparently stronger than that from insoluble NCPs and lignin. On
the other hand, in this study no clear difference between various
types of fibres was visible, and the issue still remains open.
Various models were fitted to understand whether the results
found should be attributed to intake of fibre alone, to other nutri-
ents contained in plant foods or to vegetable and fruit whole con-
sumption. It was, however, difficult to infer from these models,
due to the colinearity between these variables and hence to
possible over adjustments. Total fibre intake was, in fact, directly
correlated with fruit (ρ = 0.69) and vegetable intake (ρ = 0.40),
vitamin C (ρ = 0.65) and β-carotene (ρ = 0.59). The OR for the
Table 1. Distribution of 527 cases of laryngeal cancer and 1297 controls according to selected covariates (Italy and 
Switzerland, 1992–2000)
aEstimates from logistic regression conditioned on age, sex and study centre, and adjusted for tobacco smoking, alcohol 
consumption and non-alcohol energy intake.
bThe sum does not add up to the total because of missing values.
cReference category.
Cases % Controls % ORa 95% CI
Age (years)
<50 59 11.2 133 10.2 – –
50–54 74 14.0 188 14.5 – –
55–59 97 18.4 259 20.0 – –
60–64 113 21.4 266 20.5 – –
65–69 105 19.9 264 20.3 – –
≥70 79 15.0 187 14.4 – –
Sex
Male 478 90.7 1052 81.1 – –
Female 49 9.3 245 18.9 – –
Centre
Milan 44 8.4 154 11.9 – –
Pordenone 416 78.9 934 72.0 – –
Switzerland 67 12.7 209 16.1 – –
Education (years)b
<7 289 54.8 652 50.3 1c –
7–11 137 26.0 400 30.9 0.9 0.7–1.3
≥12 101 19.2 244 18.8 1.5 1.0–2.2
Tobacco smokingb (cigarettes/day)
Never 19 3.6 485 37.3 1c –
<15 58 11.1 146 11.3 9.3 5.2–16.4
15–24 187 35.6 142 10.9 29.5 17.0–51.1
≥25 102 19.4 63 4.9 40.8 22.0–75.8
Ex 159 30.3 460 35.6 7.5 4.4–12.9
Alcohol drinkingb (drinks/day)
<2 58 11.1 428 33.0 1c –
From 2 to <4 76 14.5 347 26.8 1.3 0.8–1.9
From 4 to <8 176 33.6 362 27.9 2.6 1.8–3.9
≥8 214 40.8 159 12.3 5.8 3.8–8.9
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highest quintile of total fibre was 0.3 (95% CI 0.2–0.6) after
adjusting for vegetable and fruit intake (besides other variables),
0.5 (95% CI 0.3–0.8) after adjusting for β-carotene and 0.4 (95%
CI 0.2–0.8) for vitamin C, suggesting that there is a protective
effect of dietary fibre by itself. The possibility that high fibre
intake, and consequently high consumption of fruit, vegetables
and/or whole grain cereals, could have acted indirectly by sub-
stituting meat, fish and refined grains was also considered, but
further adjustment for these variables did not substantially modify
the ORs.
Among possible biases of this study are the selection of
hospital controls, whose dietary habits may differ from those of
the general population. However, we carefully excluded from the
comparison group any diagnosis that might have involved long-
term modifications of diet, or that could be related to alcohol
consumption or smoking habit. To reduce the possibility of recall
bias due to dietary modifications after cancer onset, we asked for
food consumption in the 2 years before diagnosis. We also
performed separate analysis among control groups by main diag-
nostic categories, and the results were reassuring. The strengths
of the study are the satisfactory reproducibility and validity of the
FFQ, the comparable catchment areas of cases and controls, the
high participation rate of the subjects approached, and the pos-
sibility to control, together with major risk factors such as social
Table 2. Odds ratiosa,b (OR) and 95% confidence intervals (CI) of laryngeal cancer according to the intake of 
various types of fibre (Italy and Switzerland, 1992–2000)
aEstimates from logistic regression conditioned on age, sex and study centre. All types and sources of fibre are 
adjusted for education, body mass index, tobacco smoking, alcohol consumption and non-alcohol energy intake.
bQuintiles are computed on the distribution of controls. In parentheses, the lower cut-off point of the quintile 
(in g/day) is given.
cThe reference category is the first (lowest) quintile.
dNCP, non-cellulose polysaccharides.
Type of fibre Quintile of intakec Trend, χ2 (P value)
Q2 Q3 Q4 Q5
Total (Englyst) fibre (12.0) (15.2) (17.7) (21.7)
OR 0.6 0.3 0.3 0.3 33.0 (<0.0001)
95% CI 0.4–0.9 0.2–0.5 0.2–0.5 0.2–0.4
Soluble NCPd (5.8) (7.3) (8.6) (10.3)
OR 0.6 0.4 0.3 0.3 30.0 (<0.0001)
95% CI 0.4–0.9 0.3–0.7 0.2–0.5 0.2–0.5
Total insoluble fibre (6.2) (7.8) (9.2) (11.3)
OR 0.6 0.4 0.3 0.3 27.4 (<0.0001)
95% CI 0.4–0.8 0.2–0.6 0.2–0.5 0.2–0.5
Cellulose (3.1) (4.0) (4.7) (5.8)
OR 0.6 0.3 0.3 0.3 40.3 (<0.0001)
95% CI 0.4–0.9 0.2–0.5 0.2–0.5 0.2–0.4
Insoluble NCPd (3.0) (3.7) (4.5) (5.4)
OR 0.5 0.4 0.3 0.4 18.3 (<0.0001)
95% CI 0.4–0.8 0.2–0.6 0.2–0.4 0.3–0.7
Lignin (1.1) (1.4) (1.7) (2.1)
OR 0.7 0.6 0.4 0.3 20.0 (<0.0001)
95% CI 0.4–1.0 0.4–1.0 0.3–0.7 0.2–0.6
Vegetable fibre (4.2) (5.3) (6.4) (7.9)
OR 0.6 0.5 0.3 0.2 47.5 (<0.0001)
95% CI 0.4–0.9 0.3–0.7 0.2–0.5 0.1–0.4
Fruit fibre (2.8) (4.5) (5.9) (8.1)
OR 0.5 0.4 0.4 0.5 16.9 (<0.0001)
95% CI 0.4–0.7 0.3–0.7 0.3–0.6 0.3–0.7
Grain fibre (3.1) (4.1) (5.1) (6.7)
OR 1.1 1.1 1.1 1.1 0.02 (0.89)
95% CI 0.7–1.8 0.7–1.8 0.6–1.8 0.6–1.9
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Table 3. Odds ratiosa,b (OR) and 95% confidence intervals (CI) of laryngeal cancer according to total fibre intake, in separate strata of covariates 
(Italy and Switzerland, 1992–2000)
aEstimates from logistic regression conditioned on age, sex and study centre, and adjusted for education, body mass index (BMI), tobacco smoking, 
alcohol consumption and non-alcohol energy intake.
bQuintiles are computed on the distribution of controls.
cThe reference category is the first (lowest) quintile.
Strata Quintile of intakec Trend, χ2 (P value)
Q2 Q3 Q4 Q5
Age (years)
<60 0.5 (0.3–0.9) 0.3 (0.1–0.6) 0.2 (0.1–0.3) 0.2 (0.1–0.3) 29.1 (<0.0001)
≥60 0.6 (0.3–1.0) 0.4 (0.2–0.6) 0.5 (0.3–0.9) 0.3 (0.2–0.7) 9.5 (0.002)
Sex
Male 0.6 (0.4–0.9) 0.4 (0.2–0.6) 0.3 (0.2–0.5) 0.3 (0.1–0.4) 31.9 (<0.0001)
Female 0.5 (0.1–3.0) 0.1 (0.01–0.5) 0.5 (0.1–3.3) 0.2 (0.02–1.6) 0.7 (0.40)
Smoking status
Never/ex ≥5 years 0.6 (0.3–1.1) 0.6 (0.3–1.1) 0.3 (0.1–0.7) 0.3 (0.2–0.7) 9.5 (0.002)
Current/ex <5 years 0.6 (0.4–1.0) 0.2 (0.1–0.4) 0.3 (0.2–0.5) 0.2 (0.1–0.5) 23.2 (<0.0001)
Alcohol consumption (drinks/day)
<4 0.7 (0.4–1.5) 0.3 (0.1–0.6) 0.3 (0.1–0.7) 0.2 (0.1–0.5) 15.4 (<0.0001)
≥4 0.5 (0.3–0.9) 0.4 (0.2–0.7) 0.3 (0.1–0.5) 0.3 (0.2–0.6) 18.4 (<0.0001)
Non-alcohol energy intake (kcal/day)
<2630 0.7 (0.4–1.3) 0.2 (0.1–0.5) 0.4 (0.2–0.9) 0.5 (0.2–1.2) 9.9 (0.0016)
≥2630 0.4 (0.2–0.9) 0.4 (0.2–0.7) 0.3 (0.1–0.5) 0.2 (0.1–0.4) 19.8 (<0.0001)
BMI (kg/m2)
<26.1 0.5 (0.3–0.8) 0.4 (0.2–0.7) 0.2 (0.1–0.5) 0.2 (0.1–0.4) 21.3 (<0.0001)
≥26.1 0.6 (0.3–1.1) 0.3 (0.1–0.6) 0.3 (0.2–0.7) 0.3 (0.2–0.7) 10.6 (0.0011)
Table 4. Odds ratiosa (OR) and 95% confidence intervals (CI) of laryngeal cancer according to total fibre intake, by subsite 
(Italy and Switzerland, 1992–2000)
aEstimates from logistic regression conditioned on age, sex and study centre, and adjusted for education, body mass index, 
tobacco smoking, alcohol consumption and non-alcohol energy intake.
bSubsites were elicited using the International Classification of Diseases (ICD-IX): 161.0, glottic cancer; 161.1, supraglottic 
cancer; 161.2–161.9, other/unspecified laryngeal cancer.
cReference category.
Subsiteb Quintile of intake Trend, χ2 (P value)
Q1 Q2 Q3 Q4 Q5
Number of cases
Glottis 72 66 45 43 45
Supraglottis 31 32 15 19 20
Other/unspecified 47 32 24 22 14
Number of controls 260 259 259 260 259
OR
Glottis 1c 0.6 0.3 0.3 0.3 22.5 (<0.0001)
95% CI – 0.4–1.0 0.2–0.6 0.2–0.5 0.1–0.5
Supraglottis 1c 0.7 0.3 0.3 0.3 10.6 (0.0011)
95% CI – 0.3–1.5 0.1–0.7 0.1–0.7 0.1–0.7
Other/unspecified 1c 0.5 0.4 0.3 0.2 15.6 (<0.0001)
95% CI – 0.2–0.9 0.2–0.7 0.1–0.6 0.1–0.4
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class indicators, tobacco and alcohol consumption, for other
nutrients and energy intake too.
In conclusion, this study supports the hypothesis that fibre
may be one explanation for the marked protection conferred by
high fruit and vegetable intake against laryngeal cancer risk. It
also suggests that this potentially favourable role of dietary fibre
might be similar among the different subsites of laryngeal cancer.
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